Abstract. The present study was undertaken to determine pathophysiology of body water control in hypernatremic subjects with hypothalamic space-occupying lesions. Eight subjects with hypothalamic space-occupying lesions were divided into two groups of hypernatremia in the presence or absence of body water deficit. In 5 dehydrated hypernatremic subjects whose ages ranged from 20 to 67 years, serum sodium (Na) levels were 156.4 ± 3.1 mmol/l; plasma osmolality (Posm), 320.6 ± 9.8 mmol/kg; and urinary osmolality (Uosm), 246.8 ± 46.7 mmol/kg under ad libitum water drinking. In 3 non-dehydrated hypernatremic subjects whose ages ranged from 21 to 32 years, serum Na levels were 150.3 ± 5.4 mmol/l; Posm, 300.3 ± 11.6 mmol/kg; and Uosm, 738.7 ± 237.1 mmol/kg. Serum Na levels had a positive correlation with hematocrit (Ht) in 2 of 5 subjects with dehydration, but it totally disappeared in the 3 subjects without dehydration. Plasma arginine vasopressin (AVP) levels were 0.7 ± 0.1 pmol/l, and there was no response of AVP release to intravenous administration of 5% NaCl in the subjects with dehydration. Plasma AVP was 0.7 ± 0.1 pmol/l, and there was the reduced response of AVP release to 5% NaCl in those without dehydration. In one of 3 subjects a positive correlation between Posm and plasma AVP levels was obtained. Drinking behavior was totally abolished in the subjects with dehydration, and partly reduced in those without dehydration. The present study indicates that hypothalamic space-occupying lesions causes central diabetes insipidus and hypodipsia, and that sporadic and paradoxical release of AVP, enhanced renal concentrating ability and reduced drinking behavior may possess body water minimally in the hypernatremic subjects without water deficit.
BODY sodium (Na) distributes in extracellular fluid by approximately 90% in animals and humans. A reduction in body water concentrates extracellular fluid and thus increases serum Na concentration in some pathological state. Hypernatremia greater than 150 mmol/l is associated with deficit of body water in most clinical settings [1] . Such a state could be derived from central diabetes insipidus and adipsia linked to hypothalamic space-occupying disorders. Hypernatremia is quite dependent on circulatory blood volume depletion, and this situation could be promptly corrected by water drinking or administration of fluid intravenously. In contrast, Na retaining states such as primary aldosteronism and Cushing's syndrome also increase serum Na levels, in which hypernatremia is usually less than 150 mmol/l.
Persistent elevation of serum Na greater than 150 mmol/l with the little manifestation of circulatory blood volume depletion is a rare clinical disorder [2] [3] [4] [5] . Recently we have reported a case of chronic hypernatremia without dehydration, whose hypernatremia was derived from partial central diabetes insipidus and elevated threshold of thirst deeply associated with suprasellar arachnoid cyst [6] . There are two types of hypernatremia with or without circulatory blood volume depletion in the hypothalamic space-occupying lesions. Several associated derangements including central diabetes insipidus, thirst center disorder and anterior pituitary dysfunction may fail to properly regulate circulatory blood volume to a various extent. Circulatory blood volume may distribute in a wide range from hypovolemic to euvolemic condition in subjects with hypothalamic space-occupying lesions. In the present study we evaluated pathophysiology of the derangement of circulatory blood volume homeostasis in hypernatremic subjects with hypothalamic space-occupying lesions.
Subjects and Methods

Subjects
Eight subjects with hypothalamic space-occupying lesions were enrolled in the present study. The subjects were 4 male and 4 female, with the age of 32.3 ± 18.5 years (mean ± SD) ranging from 20 to 67 years. The causes of hypothalamic disorders included 3 subjects with germinoma, 2 with craniopharyngioma, one with optic nerve glioma, one with histiocytosis and one with suprasellar arachnoid cyst. They were divided into two groups in the presence and absence of dehydration and deficit of body water. Dehydrated state was defined by physical findings of dehydration in the subjects with the varying ranges of serum Na levels during the follow-up at outpatient clinic. All the subjects had hypernatremia under ad libitum water intake (Table 1 ). There were 5 subjects with dehydration and 3 subjects without dehydration. In the nondehydrated group circulatory blood volume depletion could be found if serum Na levels become extremely high. Posterior pituitary function was evaluated as below: In both groups both serum Na and plasma osmolality (Posm) were elevated markedly, but plasma arginine vasopressin (AVP) was relatively as low as 0.7 ± 0.1 and 0.7 ± 0.1 pmol/l in the subjects with and without dehydration. Urinary osmolality (Uosm) was 246.8 ± 46.7 mmol/kg in the subjects with dehydration, and 738.7 ± 237.1 mmol/kg in those without dehydration. The function of anterior pituitary hormones was summarized in Table 2 . Their functions were evaluated by both basal levels of hormones and stimulation challenging tests by a mixture of CRH, GRH, TRH and LH-RH. Secretory capacity of the anterior pituitary hormones was blunted in 3 hypernatremic subjects with dehydration and 2 subjects without dehydration. Basal levels of serum prolactin were elevated in 7 hypernatremic subjects with hypothalamic spaceoccupying lesions. All the 8 subjects were treated as below: Germinomas were treated by radiation therapy in 3 subjects. Craniopharyngiomas and optic nerve glioma were operated in 3 subjects. Ventro-peritoneal shunt was made in the subject with suprasellar arachnoid cyst.
Hypertonic saline test
After an overnight fast, the study was started at 0800 h as described previously [7] . The subjects were allowed to drink water freely before the start of the protocol. 5% NaCl was administered intravenously at a rate of 0.05 ml/kg/min for 2 hours. Urine and blood Table 1 . Clinical features of the hypernatremic subjects with hypothalamic space-occupying lesions collections were made at 15 or 30 min intervals during the observation period. During the test, the subjects were allowed to sit or stand to urinate. The blood and urine samples were subjected to measurements of urine volume, Uosm, serum Na, Posm and plasma AVP levels. In addition, the hypertonic saline test was carried out in 5 normal subjects as a control, whose ages ranged from 21-36 years. They were 3 male and 2 female. The present protocol was approved by the ethical committee of Jichi Medical University for human study. We obtained informed consent from all the subjects who joined the present study.
Results Fig. 1 shows the relation of serum Na levels with hematocrit (Ht) under ad libitum water drinking when the subjects had visited to the outpatient clinic at 0800 h-1000 h. In 2 of 5 hypernatremic subjects with dehydration serum Na levels had a positive correlation with Ht, respectively (r = 0.831 and 0.705) (Fig. 1a, b) . Significant correlation was not obtained in other 3 subjects. This may mean that the positive correlation between serum Na levels and Ht is dependent on an alteration in extracellular fluid volume. In contrast, the plots were variable in all the 3 subjects without dehydration, and so there was no correlation between serum Na and Ht in any subject. The relations between serum Na and Ht in 2 subjects are shown in Fig. 1c and d . Fig. 2 shows the relationship of Posm and plasma AVP levels in hypertonic saline challenge test. Plasma AVP levels were increased according to an increment in Posm in the control subjects. There was a positive correlation between Posm and plasma AVP levels [Plasma AVP (pmol/l) = 0.077 × Posm (mmol/kg) -21.449; r = 0.874, p<0.0001]. In the 5 hypernatremic subjects with dehydration, plasma AVP levels remained low and unchanged despite of extremely increases in Posm. They were diagnosed as complete type of central diabetes insipidus, and were necessary to have treated with DDAVP. In the 3 hypernatremic subjects without dehydration the response of AVP release to hyperosmolality did not seem to be blunted. Plasma AVP levels were increased in response to an Fig. 1 . The relation of serum Na levels with hematocrit (Ht) under ad libitum water drinking in the subjects with dehydration (a: subject A2, and b: subject A4) and without dehydration (c: subject B1, and d: subject B2).
elevation of Posm in three subjects, and plasma AVP levels had a positive correlation with Posm (r = 0.611) in a subject without dehydration. Plasma AVP levels corresponding to Posm were shifted to the right as compared to that in normal subjects. In other 2 subjects the secretory ability of AVP seemed to subtly remain, but the correlation of plasma AVP with Posm was not drawn. They were diagnosed as partial type of central diabetes insipidus, and only one subject had been treated with DDAVP.
Discussion
All the subjects had hypothalamic space-occupying lesions, including germinoma, craniopharyngioma, optic nerve glioma, histiocytosis and suprasellar arachnoid cyst. We divided the subjects into two groups; namely, one group had hypernatremia with dehydration and the other had hypernatremia without circulatory volume depletion. The development of hypothalamoneurohypophyseal dysfunction was not associated with the causes of hypothalamic space-occupying lesions, but seemed likely to be related to the damaged area of hypothalamus. Central diabetes insipidus was found in all the subjects even if its magnitude is variable among them. In contrast, the function of anterior pituitary gland was severely impaired in 5 subjects and almost normal in 3 subjects, while serum prolactin was elevated. These findings indicate that hypothalamic dysfunction is the primary cause to develop impaired function of pituitary gland, and to produce hypernatremia with varying circulatory volume state.
What is the difference between the dehydrated and non-dehydrated hypernatremic subjects? As shown in Fig. 1 , serum Na levels had a positive correlation with Ht in the 2 hypernatremic subjects with dehydration, however, serum Na levels were variable independently of Ht in those without dehydration. As there was no massive hemorrhage and no change in extracellular Na content, the alteration in Ht could be closely related to that in circulatory blood volume. The close relation between Ht and serum Na levels could implicate the presence of dehydration. There are several differences in laboratory findings between the two groups of subjects. Uosm was significantly greater in the subjects without dehydration, ant it was as low as less than 250 mmol/kg in those with dehydration. The subjects without dehydration minimally possessed the ability of AVP secretion. Namely, hypertonic saline infusion increased plasma AVP levels in the three subjects, values less than the expected ones in response to an increase in Posm in normal subjects. Plasma AVP levels corresponding to Posm thus were shifted to the right, suggesting the reduced secretion of AVP. This means that osmotically-induced AVP release seems to be "reset". In fact, in a subject the values of plasma AVP had a positive correlation with Posm. These findings indicate the presence of partial central diabetes insipidus [8] . Urinary concentrating ability was diminished but remained at least to keep circulatory blood volume by enhancing renal response to AVP. As serum Na levels did not correlate with Ht, a sporadic or paradoxical release of AVP may remain in the subjects without dehydration. Also, the behavior of water drinking was diminished, but its capability remained after moderate polydipsia. As discussed, several physiological responses could, at least, possess circulating blood volume in the non-dehydrated hypernatremic subjects. On the contrary, the hypernatremic subjects with dehydration have the blunted capability of AVP release and drinking behavior in response to either hyperosmolality or circulatory blood volume depletion. They had complete type of central diabetes insipidus, which was leak type of AVP secretion. Thus they could not have appropriate protection against the deficit of body water, resulting in hypovolemic hypernatremia. Next, whether hypopituitarism could be involved in developing hypernatremia is considered. The present study showed 5 subjects with hypernatremia had hypopituitarism, except for the elevation of serum prolactin levels. Dysfunction of pituitary-thyroid and pituitary-adrenal axis affects water metabolism [9] [10] [11] . It is known that such states produce non-suppressible release of AVP, resulting in impaired water excretion. Thus, the alteration could cause an opposite direction against hypernatremia found in the present occasion. Besides, hypopituitarism could cause poor appetite and decreased physical and mental activity, which may reduce drinking behavior. Therefore, anterior pituitary dysfunction does not play a role in developing hypovolemic hypernatremia.
In conclusion, the present study demonstrated that hypothalamic space-occupying lesions cause marked hypernatremia with or without dehydration. The disorders were based on deterioration of AVP release and thirst center. Hypernatremia with marked volume depletion was associated with complete central diabetes insipidus and adipsia. Also, wide-spread distribution of hypernatremia was found in the subjects without volume depletion, whose disorders were limited to partial central diabetes insipidus and hypodipsia. They may maintain circulatory blood volume by reset of osmotically-induced AVP release, enhanced renal concentrating ability and remained drinking behavior.
